M-mode indices of left ventricular dimension and posterior wall thickness were derived from echocardiograms of children presenting with dilated cardiomyopathy/myocarditis and were related to outcome. Echocardiograms from 16 of 18 children were manually digitized to obtain changes of left ventricular dimension and posterior wall thickness throughout the cardiac cycle. Indices of ventricular function and the ratio of end-diastolic posterior wall thickness to cavity dimensions were obtained.
Introduction
The outcome of children who present with a grossly dilated heart and globally depressed systolic function is variable. Some recover completely, some die and others survive with a dilated cardiomyopathy 11 " 31 . The severity of symptoms is not in itself an indication of poor outcome. Various indices have been suggested to correlate with prognosis such as shortening fraction 141 , ejection fraction'^1, cardiomegaly at presentation' 5 With the advent of cardiac transplantation and actuarial survival rates similar to many of those published for dilated cardiomyopathy in childhood'" 1 , it becomes extremely important to identify those patients Revision submitted and accepted 5 January 1996.
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It appeared to us that some of the children who had a rapid and complete recovery had a thicker posterior wall than others, and were younger. The severity of their initial clinical presentation bore little relationship with their outcome as some had required intensive care and positive pressure ventilation and yet had normal ventricular function on subsequent follow-up. We therefore analysed available M-mode echocardiograms from a cross-sectional series of children with this condition presenting to us over a 3-year period.
Patients and methods
Between 1989 and 1991, 18 children were diagnosed as having severe dilated cardiomyopathy/myocarditis at our institution. Diagnosis was based on the echocardiographic findings of a dilated left ventricle (left ventricular end-diastolic dimension above the 95% normal range for weight'
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. Only children who presented with severely affected systolic function were considered for analysis, i.e. globally reduced systolic function (shortening fraction below 20%), since it is in this group of patients that clinical dilemmas occur regarding indication for transplantation. Good quality M-mode echocardiograms from the time of presentation and follow-up data were available for 16 children. This group was retrospectively reviewed. Symptoms started between 2 days and 3 months prior to presentation. Ten patients were on drugs at the time the echocardiogram was performed. Case numbers 5, 11 and 16 have positive antibodies against Coxsackie B, echovirus and cytomegalovirus respectively (Table 1) .
Patients were divided into two groups according to known outcome in July 1993. Group I, survivors (n = 7) and group II, patients who died (n = 6) or had undergone cardiac transplantation (n = 3). Decision towards cardiac transplantation was clinical and based on the persistence of heart failure despite maximal conventional therapy, including one who was in intensive care at the time, on positive pressure ventilation. Median age at diagnosis was 9 and 25 months for groups I and II, respectively. M-mode echocardiograms were manually digitized, using dedicated computer software as previously described' 13 '. Two to three consecutive beats were digitized for each patient and the results averaged. Measurements of left ventricular dimension and posterior wall thickness were made throughout the cardiac cycle at 10 ms intervals (Fig. 1) . End diastolic values were taken at the Q wave of the electrocardiogram. End-systolic dimensions were taken as minimal cavity dimension or maximal wall thickness (Fig. 2) . From these, the following indices were automatically derived, but the digitization process was not blind.
Systolic function
Fractional left ventricular shortening (%) and percentage posterior wall thickening (%) were expressed as the maximal percentage change occurring throughout the cardiac cycle. Peak rate of posterior wall thickening (cm . s~') was taken as the maximal value of rate of change of wall thickness, obtained from the first derivative of left ventricular posterior wall thickness (dPW/dT) (Fig. 2) .
Diastolic function
Peak rate of left ventricular filling (crn.s"') was taken as the maximal value of rate of change of left ventricular dimension obtained from the first derivative of left ventricular cavity dimension (dD/dT). Peak rate of posterior wall thinning (cm . s~ '), i.e. the peak rate of reduction in posterior wall thickness was taken as the minimal value of rate of change of wall thickness obtained from the first derivative of left ventricular posterior wall thickness (dPW/dT) (Fig. 2) .
To account for differences in patient's age and weight, values for the first derivatives of left ventricular dimension were normalized for their respective instantaneous diastolic values (s~') and the ratio between posterior wall thickness and left ventricular end diastolic dimension was calculated.
Statistics
Non-parametric Mann-Whitney and Fisher's exact tests were used. The null hypothesis was rejected when was greater in group II (/><005). The relative thickness of the posterior wall compared to left ventricular dimension at end diastole was, however, higher in group I than group II (Fig. 3) (medians = 019 and 013, P<0005). ' Furthermore, five of six patients who survived and in 4 whom left ventricular function improved (normal shortening fraction and cavity dimensions) had an initial ratio >017. All but one of those with a lower ratio (^016) had died, required transplantation or had persistent dilated cardiomyopathy during the follow-up time -considered (/><001).
Initial analysis of this data, as regards the outcome by December 1992 [141 , showed no statistical difference for any of the above parameters of either systolic or diastolic function, although posterior wall thickness to cavity dimension was significantly different (P<005) between the two groups. Differences in the analysis of data are due to subsequent deaths of patient numbers 8 and 9 at 38 and 42 months followup, respectively. Tables 1 and 2 summarize clinical and echocardiographic data on 16 patients. Age greater than 2 years at presentation was a significantly stronger predictor of poor outcome (Fisher's exact test, P<005) . Follow-up time for survivors ranged from 22 to 49 months (median = 36 months). Only one patient in group I failed to achieve a full functioning recovery.
Results
Shortening fraction, percentage of systolic posterior wall thickening, normalized peak rate of left ventricular filling and normalized peak posterior wall thickening rates were similar in the two groups, albeit there was a trend for the latter to be higher in group II (/>=006). Normalized peak posterior wall thinning rate
Discussion
This study failed to demonstrate a relationship between 'traditional indices of systolic ventricular performance •and outcome in children with dilated cardiomyopathy/ 'myocarditis. This is at variance with some other studies, showing a relationship between poor outcome and low shortening or ejection fraction' 4 ' 51 . Some of these studies' 41 included patients with much higher shortening fractions than ours. We purposely included only those with shortening fractions <20% to reflect those patients who represent the most important clinical problem. Nonetheless, the relationship with shortening fraction at presentation was very weak, some of our sickest patients with the lowest values ultimately survived.
Our initial analysis of M-mode derived indices of systolic and diastolic function at presentation in children with a clinical diagnosis of dilated cardiomyopathy/ myocarditis showed none to be of value in predicting short-term outcome' 14 '. However, a relatively thick posterior wall for the degree of left ventricular dilatation remains the single most important measurement to distinguish those children who survived, from those who ultimately died or required transplantation. This ratio (wall thickness/left ventricular dimension) remains relatively constant throughout childhood'
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. Only one patient in our group had a ratio within the age-corrected normal range (Table 2 ) but five of six who survived and whose ventricular function improved had a ratio greater than 017. All but one of the patients with a ratio ^016 ultimately died, required transplantation, or remained with dilated cardiomyopathy (Table 2) .
In many series, age appears to be related to outcome but findings are not universal. In this study, there was a significant difference between the two groups. Age less than 2 years appears to predict a better outcome but this cannot be used in a clinically prognostic sense.
The reason for the higher ratio of left ventricular posterior wall thickness to end diastolic dimension at presentation in those patients whose ventricular function improved on subsequent follow-up is not clear. One may speculate that in those with thicker walls, left ventricular mass is relatively preserved and there is potential for recovery whereas those with thin walls may be associated with loss of muscle mass and worse prognosis.
Alternatively, we would speculate that the relatively thicker wall reflects myocardial oedema, itself, in turn, reflecting active inflammation with the capacity therefore to improve. The tendency to a reduced peak thickening rate and a significantly lower thinning rate is compatible with this. Only three of our patients had an established diagnosis of viral myocarditis, but it is possible that there are two separate populations, one with active myocarditis and another with established dilated cardiomyopathy. This is difficult to prove without contemporaneous histology, but endomyocardial biopsy is notoriously difficult to interpret especially in children and is not performed as part of our routine evaluation. A prospective study would help to resolve this issue.
No matter what the underlying pathology, our data suggest that a poor prognosis is associated with a low ratio of left ventricular posterior wall to end diastolic dimension in children presenting with myocarditis or dilated cardiomyopathy and early assessment with a view to cardiac transplantation should be considered in this subgroup.
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